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Rarely optimal environmental conditions of the plant are available, from water, air

and nutrients, Water stress often occurs due to lack of soil moisture or other factors

may pay organisms to limited survival. The study of plants under these conditions
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and knowledge of how the plant responds to water stress on the basis of changing
life and physiological processes, so this review describes some aspects of the

changes caused by water stress in germination, morphological, physiological and
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Introduction

During natural plant growth, plants are frequently
exposed to a variety of environmental challenges, including
heat, oxidative stress, salinity, flooding, drought, and heavy
metal toxicity [1, 2]

Okumura et al, [3] defined stress as every external
hindrance that reduces productivity to lower limits than what
the genetic capabilities of the plant are supposed to achieve.

Okumura et al., [4], Okumura et al., [5]. They were more

accurate, as they defined stress as any force or every harmful
effect that disrupts the normal activity of any plant system.
One of these environmental stresses is drought, a
meteorological term that is generally defined as a period
without heavy rainfall [6]. Drought stress generally occurs
when the available water in the soil is reduced and weather
conditions cause constant water loss by transpiration or

evaporation. [7]. Drought stress tolerance is observed in
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almost all plants, However, tolerance varies between species
and even within species. [8].

Drought or water stress prevents cells swell more than cell
division [9]. It reduces plant growth by affecting many
physiological and biochemical processes, such as
photosynthesis, respiration, translocation, ion uptake,
carbohydrate, nutrient metabolism and growth stimulators
[10]. Severe water stress causes metabolic arrest and
disruption, and finally plant death [7].

So our study of the physiology of stress will contribute to
increased understanding of the factors that determine the
distribution and spread of plants and actual changes in
various processes during the life cycle of growth. In the
applied agricultural aspect, the ability of crops to maintain
viability and the required plant density under stress
conditions is a major factor in determining the economic

yield.

Effect of water stress on seed germination.

Germination is an essential process in plant development
to obtain optimal seedling numbers that leads to higher seed
yield [11,12 ,13]. One of the most important stages of plant
growth is often affected by environmental stresses including
drought [14]. Water absorption is the first stage of
germination where live and dead seeds absorb water and
swell. The amount of water absorbed depends on the
chemical composition of the seeds. Proteins, mucilage and
pectin are more hydrophilic colloids and absorb more water
than starch [15].

Water is the main factor that stimulates germination and
the potential water environment affects the rate of water
absorption and thus on germination. With the increase in the
severity of drought, the percentage of germination and the
rate of germination decrease [16].

Some plant species have been studied at Kastamonu
gardens and parks to see how well they tolerate drought
stress. Studies were carried out to determine the effect of
increasing water stress on seed germination rate. The results
showed that as water stress increased, the percentage of
germination decreased in all tested species [17].

Effect of water stress on proline in plants.

Proline has a role in protecting plants from moisture
stress, as it acts as an osmotic regulator that protects plants
from stress by maintaining the stability of membranes and
enzymes, and as an antioxidant [18].

The phenomenon of proline accumulation can be used as
a measure of moisture stress tolerance. Under moisture stress
conditions for wheat plants, proline accumulation occurs and
its percentage increases with the duration of stress [19].
Relatively high concentrations of proline may be non-toxic to
the cell, so they are called compatible solutes, which act as
enzyme protectors under conditions of salinity or drought, as
well as maintaining the structures of large molecules and
organelles inside the cell [20].

Khan et al, [21] found in a study conducted at the
Institute of Biotechnology and Genetic Engineering at the
Agricultural University in Peshawar to know the effect of
water stress on the tomato varieties grown in the greenhouse.
the result was that The plants irrigated with full irrigation
level (100%) were significantly superior in moisture content
and length and the lowest proline content in the leaves
reached (4.4 mg 100 g), while the leaves content of proline
increased to (5.8 mg 100 g) in plants subjected to water stress
(watering for three days and then withholding water for two
weeks).

Qayyum. [22] found that the content of proline increased
with the increase of osmotic potential in wheat seedlings at 14
days old from 0.33 mg.gm in the control treatment (without
stress) to 2.65 mg.g at -8 bar of osmotic potential.

Finally, in previous studies, two irrigation parameters, i.e.
100% and 60% field capacity (FC) were used to understand
the effects of water deficiency on proline metabolism of five
sunflower (Helianthus annuus L.) cultivars. The result was an
increase in the content of proline in the event of water

shortage in the roots, stems and leaves of all cultivars [23].

Effect of water stress on soluble
carbohydrates

Drought tolerance may be due to the gradual use of starch
savings; Many researchers pointed to the protective role that
soluble carbohydrates play at the level of membrane systems
in general and mitochondrial membranes in particular
[24,25].
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In addition, soluble sugars contribute to protecting the
phenomena (reactions) leading to the formation of Enzymes
are the thing that allows the plant to better withstand the
effects of drought [18]. Ali dib et al. [26], noted that the
changes in the soluble carbohydrates content of wheat are
much weaker than for proline, and that the largest
percentages are recorded from the twelfth day (12) of water
stress. As for the results that were reached by Adjab, [27]
during his titration of carbohydrates in the fifth leaf of five
varieties of durum wheat, they showed that the latter showed
a weak accumulation of them (soluble carbohydrates).
Carbohydrates and proline with other substances contribute
to the phenomenon of hydrolytic modification that protects
membranes and enzymatic systems by reducing their
hydrolytic potential to compensate for the low water potential
of the leaves [28, 29].

Effect of water stress on chlorophyll content
and photosynthesis in leaves.

The chloroplasts are the centers of photosynthesis in the
plant, in which the chlorophyll molecules and other pigments
are organized. The chlorophyll pigment is among the most
important natural pigments in the plant. This pigment has the
ability to absorb light energy and convert part of it into
chemical energy [30].

Maxwell and Johnson, [31], showed that the highest
content of chlorophyll in wheat plant was 51.73 unit spad in
alluvial clay soils, and the lowest content of 47.51 units spad
in mixed soils. It was noted [3] in Ghana when they studied
the effect of water stress on some characteristics of tomato
yield. The relative content of chlorophyll in leaves increased
significantly when treated with full irrigation (100% of field
capacity) as it reached 53.61 sepals compared with plants
irrigated at the 40% level of field capacity (49.37 units spad).

Hossain, [33] noticed a significant decrease in the
concentration of chlorophyll pigment as a result of the wheat
plant being exposed to water deficiency in the different stages
of growth. Keyvan, [34] noticed a significant decrease in the
chlorophyll content of wheat cultivars when exposed to
moisture stress and this decrease increased with increasing
the level of moisture stress. Al-Rahbawi, [35] found that the
use of water amount of 15 liters* to irrigate plants produced
the highest values compared to the amount of water 5 liters.

The average content of chlorophyll a was 0.5 mg/g-1 at an

water stress on plants

irrigation period of 20 days between irrigation and another,

with an increase of 33.3% compared to the control treatment
of 0.36 mg/g. The moisture treatment 75% was significantly
superior to the rest of the moisture 25 and 50% treatments, as
it gave the highest average amount of chlorophyll amounting
to 888.8 micrograms of maize plant [36].

Many studies have confirmed the effect of water stress on
the various reactions of the photosynthesis process [37]. In
general, the researchers believe that this is done in two ways:
either by increasing the stomatal resistance, which
determines the diffusion of C02 gas into the leaves and from
which the photosynthesis rate is determined, or by affecting
the rate of photosynthesis and Metabolic reactions at the cell
level and its responsible organelles [38]. The stomata and
other cells in the case of water stress reduce the rate of
photosynthesis in wheat, by closing the stomata reducing the
leaf area and reducing water loss, which leads to a reduction
in yield [39,40,41]

Zhang et al., [42] George-Jaeggli et al.,[43] Also, severe
water stress directly affects the functioning of the
photosynthetic chlorophyll systems and leads to a decrease in

the chlorophyll content of leaves

Stomatal response to water stress

The response of the plant to severe water shortage is by
closing the stomata in order to reduce transpiration and water
loss from leaf surfaces to a level that allows reprocessing of
the same level of water lost through the roots. This is the case
observed in all plants alike. Whether it is desert plants or
plants of temperate or dry areas, where the mechanism of
opening and closing stomata is completely dependent on
relative humidity [44 , 45]

It is understood from this that any change in the water
content of the soil is inevitably linked to the transpiration
process. The stomata that controls transpiration provide a
mechanism to protect the plant from any shortage of water
content or stock, and thus the stomata will close at a certain
rate that depends on the percentage of water shortage in the
soil or That some plant species close their stomata completely
and more than other plant species, especially when the soil
water shortage develops, or that the stomata in some species
do not carry out the transpiration process even after soil

irrigation. These concepts may differ relatively when
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referring to C4 plants or succulent plants that store water in
modified leaves as in cacti [46, 47, 48].

Unfortunately, in many plant species, especially food
crops, the surrounding epidermal cells and the surface of the
guard cells are not protected by a thick layer of the cuticle, so
water loss occurs directly from the guard cells to the
atmosphere. If the average amount of water evaporating from
the surfaces of the guard cells is greater than the amount that
is compensated by the mesophyll cells under the epidermal
cells, the guard cells will become flaccid and close the stomata.
In other words, the guard cells function as if they were an
osmometer  [49,50]. The process of stomata closing is
regulated by the so-called hydro active processes. That is, the
life processes of this stomatal closure depend and mainly use
the reverse ionic signals that cause the stomata to open. The
alertness occurs by closing the stomata when the leaf water
potential decreases in the mesophyll cells, and signs of the use
of ABA (abscisic acid) and other hormones appear. Since the
discovery of abscisic acid in the late sixties, it has been known
that this acid plays an important role in the process of closing
the stomata caused by a lack of water. The accumulation of
ABA in leaves that suffer from water stress, as well as the
external applications of abscisic acid as an inhibitor of
stomata opening process [47].

In a study on two mutants of tomato that failed to collect
the normal level of abscisic acid, they were exposed to wilting
very quickly due to lack of water. The confirmed role of ABA
in closing the stomata of plants exposed to moisture stress is
difficult to detect and confirm to this day because the
presence of ABA is often found in high concentrations in
tissues that are not subjected to tension. ABA. In most well-
irrigated plants, ABA is synthesized in the cytoplasm of the
mesophyll cells in the leaves, but due to the acidity gradient
(pH) between the mesophyll cells, the abscisic acid is
synthesized and accumulated in the chloroplast cells [47,51].

As for how abscisic acid controls the swelling of the guard
cells, it remains limited, as practical evidence has shown that
abscisic acid does not need to enter the guard cell, but it may
be present on the outer surface of the plasma membrane, as it
was known that the mesophyll cells that are linked by ligands
or the plasmodesmata bridges, there are no such bridges with
the guard cells, that is, the absence of links between the guard
cells and the mesophyll cells, which might have allowed the

crossing of ABA to the guard cells. Therefore, the
accumulation of large quantities of in a study on two mutants
of tomato that failed to collect the normal level of ABA, they
were exposed to wilting very quickly due to lack of water. The
confirmed role of ABA in closing the stomata of plants
exposed to moisture stress is difficult to detect and confirm to
this day because the presence of ABA is often found in high
concentrations in tissues that are not subjected to tension
ABA. In most well-irrigated plants, ABA is synthesized in the
cytoplasm of the mesophyll cells in the leaves, but due to the
acidity gradient (pH) between the mesophyll cells, the
abscisic acid is synthesized and accumulated in the
chloroplast cells [51].

in withered leaves, means that the stomata closure that
begins before any significant increase in the concentration of
ABA is explained by the release of ABA stored in the apoplast,
where the process of stomata closure occurs at an early period
and with a sufficient amount of ABA. It is known the role of
abscisic acid, the role of hormones is also great in the process
of communication between roots subject to water stress and
leaves. In experiments on yellow maize, an increase in the
production of ABA was obtained as cytokinins prevented

stomata closure [51].

Effect of water stress on morphological
parameters:

The studies that examined the root traits under water
stress are few despite their importance in drought resistance.
The shape of the root system varies from plant to plant since
it is governed by genetic type and is intimately tied to soil and
climatic conditions [52]. The number of roots is greatly
affected in the case of water deficit [53]. It was concluded
Nahar and Gretzmacher, [54] in its study conducted in
Austria to assess the impact of water stress on tomato roots
using four levels of drip irrigation water (20 minutes, 25
minutes and 30 minutes in addition to the comparison level
full irrigation). The study showed significant differences in
Irrigation levels for root length, wet and dry root
characteristics.

The leaf is the organ most impacted by water stress, when
the blade's development slows, it twists, and once the plant
flowers, its leaves swiftly deteriorate [55]. The impact of

water stress was observed by measuring the length of the final
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leaves [56]. This criterion, according to this researcher, can be
essential in understanding the mechanism of water stress
resistance; Also, water stress reduces the leaf area, ie the light-
receiving area, which negatively affects the building of
organic compounds.

For all plants, drought decreases the size and diameter of
the stem, the length of the internode, and the quantity and
area of the leaves [57]. The sensitivity of the leaf area to
moderate water stress is an adaptive mechanism that
contributes to the transfer of substances represented for root
growth and thus improving the water condition of the plant
[58]. Nemmar, [59] studied on sunflowers, and found that
the water deficit during the vegetative phase significantly
reduces stem length and inhibits the synthesis of dry matter.
The results obtained by Adjab, [27] in a study on five wheat
cultivars, which were exposed to increasing levels of water
stress, showed that the more severe the latter, the more the
leaf area was reduced.

Wahb-Allah, [60] studied on the effect of resistance of
tomato genotypes to water stress under protected cultivation
conditions, using irrigation levels of 20%, 40%, 60% and 80%,
and the comparison level of 100% and 120% of evaporation
found that transpiration, as water stress significantly
reduced plant height, stem diameter and leaf dry matter
content. The level of irrigation exceeded 120% with a plant
length of 94.5 cm. Also, there was no significant difference
between the irrigation level of 100% and 120% in the
characteristics of the percentage of dry matter in leaves and

stem diameter.

Effect of water stress on reproduction and
maturation

Some studies have shown that the period between
flowering and maturation is the most sensitive to water stress,
and the most important symptom of this is the phenomenon
of Glaucescence , which leads to a significant reduction in
yield [61]. The spike also reduces the vitality of pollen, which
was also observed due to a lack of water and nutrients [62].
As for the water deficit that occurs at the stage of maturity, it
is completely unsuitable, as it significantly reduces the weight
of 1000 grains, and this is affected by the process of filling the
grains as a result of slowing or stopping the migration of
composite materials in the leaves, which may represent the

main reason for the limitation of the final yield .

of water stress on plants

Ozbahce and Tari, [63] observed the effect of planting

distances and water stress on the quality and yield of tomato
under semi-arid climatic conditions by studying the effect of
four levels of irrigation 25%, 50% and 75% and the
comparison level 100% of evaporation and transpiration, as
the results showed significant differences between irrigation
levels. The level exceeded 100% at the average fruit weight
and diameter, as it reached 5429 g and 4525 mm,
respectively, while it decreased to 28.68 g at the 25% level and
39.00 mm at the 50% level.

Fadol et al,, [64] conducted a field experiment for two
consecutive seasons with the aim of studying the effect of
irrigation periods on the growth and productivity of six
cultivars of the Egyptian fava bean plant. Four levels of the
water system were compared stop irrigation at (10-10) fixed
and (10-20) and (10-20) and (20-20) days were studied for the
characteristics of height, number of pods per plant, number
of branches per plant, seed production per hectare and weight
of 100 grains .The results showed that stopping irrigation
(prolonging the irrigation period) during the growth periods
under study It led to a decrease in plant height, number of
branches or number of pods and seed productivity, and it was
found that this decrease was significant when water stress
occurred at a period of 20-20 days compared to irrigation
period 10-10 days after flowering. The results showed that
there were significant differences in plant height and weight,

One hundred grains and the number of pods per plant.

Conclusion

Stress caused by water stress negatively affects all stages of
plant life, beginning with the stage of germination, vegetative
growth, physiological processes and reproduction, and
consequently on the yield in all types of plants. Depending on
the stage of growth.
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